In a previous paper (Nathan, 1959) it was stated that when patients who were apparently completely paralysed by upper motor neurone lesions causing spasticity were treated with concentrated solutions of phenol applied around the spinal roots voluntary movements were sometimes uncovered, and it was stated that this technique was being modified so that it might be used for the treatment of spastic patients who can still walk. Since then considerable experience has been gained with modifications of this technique and from experimental studies on cats. The results of this modified treatment are reported here. Films taken before and after treatment are the best way of showing the results, and they were made in all cases ; but as they reach only a small number of those who treat these patients it is also essential to report the results in a paper.
Chemical Rhizotomy for Relief of Spasticity in Ambulant Patients P. W. NATHAN,* M.D., F.R.C.P. Brit. med.J_., 1965 Brit. med.J_., , 1, 1096 Brit. med.J_., -1100 In a previous paper (Nathan, 1959) it was stated that when patients who were apparently completely paralysed by upper motor neurone lesions causing spasticity were treated with concentrated solutions of phenol applied around the spinal roots voluntary movements were sometimes uncovered, and it was stated that this technique was being modified so that it might be used for the treatment of spastic patients who can still walk. Since then considerable experience has been gained with modifications of this technique and from experimental studies on cats. The results of this modified treatment are reported here. Films taken before and after treatment are the best way of showing the results, and they were made in all cases ; but as they reach only a small number of those who treat these patients it is also essential to report the results in a paper.
Although the series of cases is small, the results obtained show that this kind of chemical rhizotomy is of definite value in the treatment of ambulant spastic patients. Twenty-four patients in whom the aim was to improve their walking were treated; in addition the upper limb was also treated in two patients with hemiplegia.
Results
An overall view of the results obtained in treating the lower limbs is given in the Table. Half the patients considered themselves to be better, and one-fifth very much better. This is inevitably a condensed way of presenting the patient's opinion. For a patient might be very pleased with the effects of the treatment in stopping pain, while being disappointed that it did not improve his ability to walk as much as he had hoped. He would then have to evaluate the total result achieved according to one of the six categories of the table. Twenty-one out of 23 were rendered less spastic and 16 out of 18 had a reduction in the number and severity of the spasms. This assessment was made by me and the physiotherapist treating the patient. The total for " effect on spasticity " is 23 and not 24, as one patient was rendered flaccid ; this was the patient who thought that she was made much worse, as indeed she was. The totals for " effect on spasms " and " effect on pain " are not 24, as not all patients had these manifestations of spasticity. With regard to the total effect on the patient's ability to move and get about, three were very much better, two were much better, and 11 were better; six showed no change and two were worse. tried to stop it at the second. It may be seen that, before treatment, when she tried to stop the movement, the dedine in muscular actvty was very gradual and only slight; in fact, following this aciual movement,. it continued for more than a minute. After treatment, as soon as she tried to stop the movement there was an im iate and great diminution in muscular activity; and the amount motor-unit activity when she was relaxed was slight.
Results of Treatment of Lower
She had originally come to the National Hospital as she could no longer look after herself alone at home, and the intention had been to send her permanently to a hospital for senile patients. After this treatment she was able to return home and was still living there aciv years later. Moreover, before the injections she would have to pass urine, or almost have to do so, with every spasm; as the spasms were stopped this disturbance was also removed, and she has remained in normal control of her bladder and bowels. / Quadriceps SOpV. (Fig. 1) . The patient was required to abduct the lower limbs while she was lying on her back. She started the movement at the first arrow and Unfortunately the disseminated sclerosis progressed inexorably, so that her paralysis and spasticity increased. Yet five years and a half later she still retained certain benefits from the treatment. in that she was free fron spasms and therefore had adequate control of micturition, and she was also free from pain, for which she felt most grateful. an the patient's personality. This led us to conclude that he had previously been in a state of reactive depression, and that his tendency to cry had been due to this and not to damage to cerebral tiss as had at first been thought. He ceased to be over-emotional and became quite cheerful, started to help himself to get up and walk out again, and gave up his previous attitude of hopelessness. When he came to hospital he was unable to walk. On returning me he could walk about his house and garden, and went for accompanied walks in the street. He could still do so three years after the injection. The full control of his bladder was slightly affected, so that to micturate he had to press on his abdominal wall with his hands and massage it towards the pubis. throughout but fies the knee-joint at the start of each io and extension of the foot. Further, the activity in the quadriceps, tibialis anterior, and gastrocnemius ceases in an almost normal maner at the end of each contraction; it does not continue, as it did before, making the start of the next opposite movement almost impossible.
Comments on Results
Another result of the treatment is the reduction in spaticity and spasms of the muscles of which the nerve roots were not purposely treated. In one or two patients this other iprov-I ment has been so pronounced that the reduction in the spasticity of the muscles of their backs was more important to them than that of the lower limb actually treated; t allowed them to sit in chairs, which they had been unable to do before. Others found relief from having the spasticity of the a inal wall lessened, although the had not been hdesigd to do this. In most patients in whom one lower limb was treated there was some improvement of the contralateral limb. Durability of Improvement Although some of these results have been reported to medical societies in this country and in the United States, publication has been delayed until a follow-up period has been adate. Patients in whom the treatment was a failure were not followed up. Of the 13 in whom it was a success, the length of follow-up has been five and a half years in two, four and a half years in four, two years in three, 18 months in three, and six months in one. The question whether the benefit obtained is permanent cannot be answered simply; for the patients who were treated were not suffering from stationary pathological conditions.
The results in those paients who were very much better, much better, or better for various periods after treant are given here. Three have maintained all the ground gained for four to five years, one has maintained it for three years, one for 15 months, and one for six months since the treatment. One patient with dis iated sclerosis retained all the improvement for 11 montIs; then she got a further severe at of disseminated sclerosis, making her for a time completely paraplegic. She 
Technique of Procedure
The solutions which have been tried were phenol in glycerol, 2%, 4%, and 5%, and phenol in iophendylate (Myodil) 10%, 15%, and 20%. The solution that has so far been found most useful is phenol in iophendylate 10%.
The technique is essentially the same as that previously described (Nathan, 1959) . The injection is best done in the radiology department, as a good tilting-table must be used, and it is advisable to take a radiograph of the spine after the spinalpuncture needle has been inserted in order to be sure of the vertebral level of the point of the needle. As the solution is heavy the patient is placed in such a position that the roots to be treated are at the lowest point. The patient lies curled up on his side as for a lumbar puncture, with the vertebrae of the roots to be treated at the lowest point. The needle is inserted so that its point is nearest to the root that it is most important to treat. After the needle has been inserted the patient's position is altered, the plane of his back being tilted backwards towards the In order to find out upon which posterior roots the phenol solution is acting, the sensibility of the skin must be tested by pricking. This examination must start with the sacral dermatomes, over the lowermost buttock. If loss of sensibility is found over this region the tilt on the table is altered, so that the flow of solution is less caudal. Provided the tilt is altered within two minutes no damage to the sacral-nerve supply of the bladder and anus will have been done. It will be found that within 20 minutes the loss of sensibility in this region will have gone off. When both lower limbs need to be treated, as they usually do, it is probably advisable to do this on separate occasions.
Discussion
This work was based on certain theoretical premises that were eventually found to be wrong. It was begun with the belief BBRmsTS that the solutions of phenol probably destroy the smaller nerve fibres selectively. This view was held as Maher (1955) had shown that the solutions can permanently stop chronic severe pain, and it is known that pain sensibility is subserved by the delta group of myelinated fibres and the non-myelinated C fibres. And it was shown by Iggo and Walsh (1960) and Nathan and Sears (1960) that when the solutions act as local anaesthetics they block small fibres rather than large. The intention was to destroy selectively the nerve fibres of the anterior roots that supply the intrafusal muscle fibres. It was reckoned that this would greatly reduce the stretch reflexes of the muscles of which the anterior roots had been treated without damaging the nerve fibres to the muscles themselves, and so the muscles would be less spastic and would still be available for movements.
During the ensuing years those of us working here on this problem have come to the conclusion that when the solution is used in such a way as to destroy nerve fibres it does so in a non-selective manner, destroying some nerve fibres of all types and sizes. Evidence showing this has been published by Smith (1964) and by Nathan, Sears, and Smith (1965) . We then found ourselves in the position of carrying out a therapeutically successful procedure and of having no explanation to account for its success. Eventually a hypothesis was arrived at. This is supported by evidence presented elsewhere (Dimitrijevic and Nathan, 1965 It is easier to achieve an improvement in the lower limb than in the upper limb. Upper limbs have to be used for fine and skilled movement. Props with some degree of mobility may be all that can be achieved for the lower limbs, yet these are a great improvement on a total inability to move.
Certain aspects of spasticity may be useful in paraparesis. On the whole, extensor tone is desirable and flexor tone is not; yet an excessive involuntary activation of the extensors can impede the flexors and almost stop the patient walking. In some patients, although it is rare, the pressure of the foot on the ground induces extensor tone, and this helps or enables them to stand and walk ; as the physiotherapists so aptly put it: " he walks on his spasms." Flexor spasms coming on suddenly may drop the patient to the ground, and clonus can be so troublesome that it throws the patient off his feet. Some patients have already lost so much voluntary movement that, although the reduction in spasticity and still more the reduction in spasms may help them, their ability to walk or even to stand is not improved. Other patients stand and move by inducing extensor spasms. Whether they will be able to move as well when extensor tone is lessened and extensor spasms are stopped is difficult to ascertain. When the joints are fixed so that the limb is appreciably shortened it is useless to improve the movements, unless surgical procedures are also provided to correct the deformity or the patient is given surgical appliances, such as built-up boots or toe-springs.
Summary
A form of treatment of ambulant patients with spastic lower limbs by means of the intrathecal injection of phenol in glycerol or iophendylate is described.
Half the patients treated thought that their condition was much improved. A considerable reduction in spasticity and in the occurrence of spontaneous spasms was achieved ; but weakness was sometimes increased.
In two-thirds of the patients there was much improvement in the ability to walk. In successfully treated cases the patients who had been unable to walk more than a few steps have been enabled to walk several hundred yards.
The pain associated with spasms and/or spasticity was reduced or abolished ; this result was considered by the patients to be one of the main benefits of the treatment.
This form of treatment has both improved and impaired patients' control of micturition.
Certain theoretical aspects of the treatment are discussed.
